Introduction

Quantifying CSF and S1 serotonin, glutamate and GABA concentrations 114
To estimate CSF serotonin, glutamate and GABA concentrations, one and three days old pups (n=5/age) 115 were deeply anesthetized through hypothermia and a glass capillary was inserted through the skull into 116 the lateral ventricle following protocols described previously (Feliciano et al., 2014) . The CSF samples 117 (10--20 µl per animal, 4 animals/sample) were collected in propylene tubes, immediately frozen using a 118 dry ice filled chamber and stored at --80°C until used. Neurotransmitter concentrations were also 119 estimated in S1 tissue samples obtained immediately after CSF collection. For this purpose, pups were 120 decapitated and part of the skin and cranial bones were removed to expose the cerebral cortices. S1 121 samples were extracted using the cut end of a micropipette tip as a dissecting probe. Samples were 122 collected in propylene tubes, frozen rapidly in 2--methylbutane at --45°C and stored at --80°C until used. 123
The day of the experiment, the CSF samples were centrifuged (1,000g) for 20 minutes at 4°C. 124
Supernatants were collected and transferred to new tubes where they were sonicated (40 Hz) in four 125 volumes of 0.1 N perchloric acid during 20 seconds at 4°C. Finally, samples were centrifuged (16,100g) 126 during 30 minutes at 4°C. S1 samples, on the other hand, were sonicated in 250 µl of 0.1 N perchloric 127 acid (3 times in 20 seconds intervals) and centrifuged (13,400g) during 30 minutes at 4°C. The 128 supernatants were then recovered. Lastly, the pellets were re--suspended in phosphate buffered saline 129 solution (pH7.4, 0.1M) and sonicated (40 Hz) during 20 seconds at 4°C. Protein content was quantified 130 through the bicinchoninic acid assay (Pierce, Thermo Scientific). Then, 10 µl microliter samples of the 131 resultant CSF or S1 supernatants were used for determining serotonin, glutamate and GABA 132 concentrations through reversed phase High Performance Liquid Chromatography (HPLC, Waters), using 133
HyperClone ODS columns (Phenomenex). A mix of ammonium acetate and acetonitrile composed the 134 mobile phase (flow rate of 0.8 ml/min) used to separate serotonin. Quantification was achieved by using 135 an ultraviolet detector tuned at a wavelength of 270nm. Glutamate and GABA were separated after 136 conducting ortho--phthalaldehyde--derivative reactions as described previously (Fleury & Ashley, 1983) . 137
For both amino acids, the mobile phase used was composed of sodium acetate and methanol (flow rate 138 of 1 ml/min). Glutamate and GABA quantification was achieved by using an ultraviolet detector tuned at 139 a wavelength of 340 nm. The sensitivity of detection was 0.10, 0.73 and 0.46 nmoles/ml for serotonin, 140 glutamate and GABA, respectively. Intra--and inter--assay coefficient variations were 0.45 and 0.51 % for 141 serotonin, 1.15 and 0.47% for glutamate and 0.70 and 0.58% for GABA. Serotonin, glutamate and GABA 142 concentrations in CSF and S1 are presented as the average concentration + standard deviation per group. 143
Differences between groups and across ages were statistically assessed using the Student's t--test when 144 values were normally distributed, or otherwise using the Mann--Whitney test, considering differences as 145 significant with a value of p<0.05. 146 147
Timing S1 specification 148
TCAs were traced between 22--28 hours (n=28), 47--51 hours (n=29) and 72--74 (n=30) after birth to time 149 S1 specification. The pups were first given a lethal dose of sodium pentobarbital and then transcardially 150 perfused with warm saline solution (0.9%) followed by cold, buffered formaldehyde (10%). The brains 151 were removed and postfixed during 48--72 hours. After fixation, a coronal cut was made at the level of 152 the posterior thalamus and the exposed surface was painted with cresyl violet (0.1 % w/v) to reveal the 153 brain's anatomy. Two to four small crystals (100--200 µm of diameter) of 1,1'--Dioctadecyl--3,3,3',3'--154
Tetramethylindocarbocyanine Perchlorate (DiI, Life Technologies) were placed into the ventral posterior 155 nucleus of the thalamus using a glass capillary under microscopic control. The site where DiI crystals 156 were placed was covered with a patch made of agar (3% dissolved in phosphate buffer, pH 7.4, 0.1M). 157
The brains were then transferred to light protected, HDPE vials filled with formaldehyde and stored 158 during 3 to 8 weeks at room temperature. At the end of the incubation period, the brains were 159 embedded in buffered agar (2% in phosphate buffer). Once solidified, the inclusion block was glued to 160 the sample stage of a vibratome (Leica VT 1000S) and 150 µm thick brain coronal sections were 161 obtained. The sections were collected in 24--well culture dishes filled with phosphate buffer, counter--162 stained with DAPI or Sytox Green (Life Technologies), washed several times, mounted in gelatin--coated 163 slides and coverslipped with anti--fading fluorescence mounting medium (DAKO). Two to four sections 164 containing S1 were imaged per animal under red fluorescence microscopy (wave length 594 nm; DSU 165
Olympus B51 fluorescence microscope). The optimal value of signal to noise (S:R) ratio for each age was 166 determined by, first, adjusting manually the value of the noise tolerance for each section per animal 167 group, and then, by averaging these values per age group. Once established the optimal S:R ratio per 168 age, all sections of CTRL and enucleated rats of the corresponding ages were imaged keeping each age--169 specific S:R ratios constant during image acquisition sessions. Images were then used to evaluate the 170 degree of TCAs segregation in S1 during the first three days of life. The data are presented as the 171
percentage of CTRL and birth--enucleated pups that displayed segregated TCAs at different ages. 172
Statistical comparisons were carried out by using a Chi--square test. 173 174
Results
176
The segregation of TCAs is advanced in birth--enucleated pups 177
To monitor the timing of S1 specification, TCAs were traced and the percentage of pups per 178 experimental group showing segregated TCAs was quantified. No anatomical evidence of TCAs 179 segregation was observed in S1 of CTRL and birth--enucleated pups near the end of the first day of life 180 ( Fig. 1A) . In contrast, 67% of birth--enucleated and 57% of CTRL pups featured TCAs clustering in S1 near 181 the end of the second day of life ( 3.2. S1 serotonin, glutamate and GABA concentrations were similar in CTRL and birth--enucleated rats 191 during S1 specification 192 S1 samples were used to evaluate whether the serotonin, glutamate and GABA concentrations in the 193 tissue shifted coincidentally with the predisplacement of S1 specification, through HPLC analyses. As 194 shown in Figure 2 , no differences in total S1 serotonin, glutamate and GABA concentrations were 195 observed between CTRL and birth--enucleated rats during S1 specification or between the two ages that 196 were analyzed. (Fig. 2D), glutamate (Fig. 2E) and GABA (Fig. 2F) drop between postnatal 210 days 1 and 3 in CTRL and birth--enucleated pups, significant differences between both groups of rats 211 were observed only for glutamate at postnatal day 1. At this age, CSF glutamate concentration was 212 lower in birth--enucleated pups (Fig. 2E) . It is worth mentioning, however, that enucleated pups showed 213 a trend for CSF GABA concentrations to be lower than in their age--matched CTRL mates. 214 215
Discussion
217
In rodents, the surgical removal of the eyes at birth leads to the expansion of the neocortical territory 218 devoted to S1. Conventional wisdom sustains that S1 expansion results from incremental increases of 219 evoked neuronal activity along the somatic sensory pathway through postnatal development. However, 220
we have probed this notion to be partly wrong by showing that S1 expansion ensues after predisplacing 221 S1 formation during the first three days of life (Fetter--Pruneda et al., 2013). Furthermore, S1 222 predisplacement is controlled by epigenetic factors, some of which may come from the diet (Fetter--223
Pruneda et al., 2013), but some others may become available locally or diffuse from the CSF. To our 224 knowledge, these last possibilities have not been addressed yet. We then estimated the concentration 225 of glutamate, GABA and serotonin -neurotransmitters known to modulate S1 plasticity - in S1 and in 226 the CSF. Even though the S1 concentration of these three neurotransmitters was similar between 227 experimental groups, birth--enucleated pups showed reduced levels of CSF glutamate at postnatal day 1 228 and a trend for CSF GABA concentration to be lower than in their CTRL mates during the first three days 229 of life. These neurochemical shifts concurred with the earlier segregation of somatosensory TCAs in 230 birth--enucleated rats, supporting the possibility that both are linked. Although we recognize that these 231
data are yet circumstantial, we believe they warrant future studies aimed at establishing causal 232 epigenetic links between changes in CSF glutamate and GABA content and S1 expansion in birth--233 enucleated rats. 234 235 S1 plasticity in birth--enucleated rats results in part from the sum of local adjustments ongoing 236 sequentially and/or in parallel across the nervous system. Given that enucleation triggers a massive 237 reorganization response in the brain and body, we think that global mechanisms might orchestrate 238 these local adjustments. In support of this possibility, a decrease of CSF serotonin concentration 239 between the first and fifth postnatal days has been previously suggested to influence the timing of S1 240 specification (Toda et al., 2013) . Accordingly, a reduction of CSF serotonin concentration between 241 postnatal days 1 and 3 indeed occurred in CTRL and birth--enucleated pups during S1 specification (Fig.  242 1A), being this reduction slightly greater in the latter group of rats. This decrease, together with the 243 significant drop of CSF glutamate concentration and the trend for CSF GABA concentration to be lower 244 in birth--enucleated rats, might constitute part of the neurochemical code that speeds up TCAs 245 segregation and thus predisplaces S1 formation. In contrast, the fact that total glutamate, GABA and 246 serotonin S1 concentrations are similar between experimental groups indicates that these 247 neurotransmitters might no play a significant role coordinating the predisplacement of S1 formation 248 locally. We cannot exclude, nonetheless, that discrete shifts in the synaptic release of these 249 neurotransmitters might be happening and influencing barrel formation. Also, there exists the possibility 250 that S1 glutamate, GABA and serotonin concentrations are kept similar between rat groups because 251 there is a constant replenishment of local stocks from the CSF. If this was the case, our results would 252 imply that more glutamate, GABA and serotonin are being poured in S1 from the CSF in birth--enucleated 253 rats. How such a mechanism could modulate the timing of S1 formation is currently unknown. In any 254 event, future studies must evaluate the merits of all these ideas. 255 256
An intriguing observation is that the earlier TCAs segregation in the population of birth--enucleated pups 257 observed here is not as robust as that reported in our previous work (Fetter--Pruneda et al., 2013) . This is 258 even more puzzling given the central role of somatosensory TCAs in S1 formation. In addition, based 259 upon the present results, it appears that TCAs begin segregating earlier in CTRL and even more early in 260 birth--enucleated pups than the date predicted in our previous study. We believe that technical 261 differences might explain most of the inconsistencies noticed between both reports. First, the time 262 windows used to evaluate S1 specification differed between studies. Second, in the preceding study 263 efforts were made to sacrifice animals at precise developmental times. In contrast, here, animal sacrifice 264 occurred within a 4 hour--range for each age; four hours can be a great deal of time when exploring 265 developmental processes. Third, in the present study, coronal sections were used to monitor, through 266 DiI tracing, somatosensory TCAs segregation in the developing S1. In Fetter--Pruneda et al. (2013), we 267 used tangential sections stained with cytochrome oxidase to monitor TCAs segregation. Cytochrome 268 oxidase activity in TCA terminals increases after segregation, as they contact their targets and become 269 active. This would make cytochrome oxidase a less sensitive, temporal anatomical index for monitoring 270 S1 specification than TCAs DiI tracing. In fact, the time of barrel segregation observed in this study is in 271 agreement with previous studies that used DiI to visualize TCAs (Erzurumlu & Jhaveri, 1990 ). Finally, the 272 region of S1 in which observations were made in both studies might introduce variations in the results 273 since S1 is specified following a latero--medial, postero--ventral gradient of maturation (Schlaggar & 274 O'Leary, 1994) . In spite of the differences noticed between these reports, we believe that the results 275 presented in both essentially reinforce the same conclusion, namely, that enucleation leads to a 276 predisplacement of S1 specification. 277
Lastly, we would like to introduce a few speculative notions aimed at explaining the origin and 279 implications of CSF neurotransmitter modifications in the brain of birth--enucleated rats for the 280 phenomenology of cross--modal plasticity. The first consideration is about the process triggering the 281 modification in CSF glutamate levels. Enucleated rats lack the information that is normally conveyed by 282 retinal inputs in sighted individuals. This lack of information, in the form of modifications in 283 neurotransmitter content, could be transmitted from the visual system to the CSF by CSF--contacting 284 neurons whose perikarya are located in a variety of brain regions including the hypothalamus (Vígh et al., 285 2004 ); a population of neurons that receives information from the eyes (Canteras et al., 2011) . 286
The second consideration is on how CSF neurotransmitters could reach S1. The cerebral cortex of rat 287 pups is still highly immature at birth; layers II and III develop progressively over the next two weeks. 288
Layer IV is therefore quite superficial during the first three days of life (Catalano et al., 1996) The last speculation is in regard to the processes that could influence the timing of S1 formation 293 following the entry of CSF--derived neurotransmitters, in particular of glutamate, into the S1 of birth 294 enucleated rats. It has been shown that the decrease in ambient extracellular glutamate is associated 295 with an increase in the number of functional synaptic glutamate receptors (Augustin et al., 2007) . 296
Importantly, changes of the expression of specific N--methyl--D--aspartate (NMDA) receptor subunits 297 regulate the timing of barrel emergence (Yamasaki et al., 2014) , establishing a possible link between 298 extracellular glutamate levels and the predisplacement of S1 formation. In addition, shifts of the levels 299 of neuronal activation following glutamate administration at various doses modulate the bidirectional 300 nuclear--cytoplasmic shuttling of histone deacetylases (Chawla et al., 2003) . We have found that the 301 predisplacement of S1 formation in birth--enucleated rats is associated with an earlier process of histone 302 deacetylation in layer IV neurons (Fetter--Pruneda et al., 2013) . If the drop in CSF glutamate 303 concentration in enucleated rats at day 1 is affecting the local S1 glutamate extracellular concentration, 304 this circumstance could facilitate histone deacetylation, and hence S1 predisplacement, to occur in birth 305 enucleated rats by retaining deacetylases in the nucleus or by incrementing deacetylases shuttling to 306 the nucleus from the cytoplasm. 307
In conclusion, the results presented in this work point to an involvement of the glutamatergic system in 308 the plastic reorganization observed in the somatosensory cortex of birth--enucleated pups. 
